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PHASE-LOCKED LOOP CIRCUIT 

TECHNICAL FIELD 

The present invention relates to a phase-locked loop (PLL) 
circuit. In particular, the present invention relates to a PLL 
circuit that operates intermittently. 

BACKGROUND ART 

Patent Document 1 discloses an example of a technique to 
generate a multi-phase clock signal by using a PLL circuit. A 
con?guration of the PLL circuit disclosed in Patent Docu 
ment 1 Will be explained With reference to FIG. 15. As shoWn 
in FIG. 15, a PLL circuit 1000 disclosed in Patent Document 
1 includes a phase frequency comparator 1001, a charge 
pump 1002, a loW pass ?lter 1003, a voltage controlled oscil 
lator 1004, and a delay circuit 1005. 

The voltage controlled oscillator 1004 oscillates at a fre 
quency in accordance With a controlled voltage and generates 
an output clock signal. The phase frequency comparator 1001 
compares the phase of the output clock signal generated by 
the voltage controlled oscillator 1004 With the phase of an 
input clock signal and generates an error signal in accordance 
With the phase difference. The error signal is integrated by the 
charge pump 1002 and the loW pass ?lter 1003 and applied to 
the voltage controlled oscillator 1004 as the controlled volt 
age. 

The delay circuit 1005 includes a plurality of differential 
buffers and outputs a multi-phase output clock signal by 
delaying the input clock signal in accordance With the con 
trolled voltage. 
As described above, in the PLL circuit, the voltage con 

trolled oscillator is arranged so as to oscillate in accordance 
With the frequency and the phase of the input clock signal. In 
this situation, in a case Where a clock signal having a fre 
quency that is loWer than an operation frequency range of the 
PLL circuit is input or in a case Where the clock signal is 
stopped, in other Words, in a case Where the clock signal is 
?xed so as to be at a high level or a loW level, the voltage 
controlled oscillator stops oscillating because the PLL circuit 
folloWs the frequency of the clock signal. HoWever, even 
While the voltage controlled oscillator is being stopped, gen 
erally speaking, electric current is constantly ?oWing in the 
analog circuits, such as the phase frequency comparator, the 
charge pump, and the like, that are included in the PLL circuit. 
As a result, electric poWer is consumed Wastefully. 

To cope With this situation, a PLL circuit has been devel 
oped so as to operate intermittently in order to keep the 
electric poWer consumption of the PLL circuit itself loW. 
More speci?cally, When the PLL circuit is not in use, the PLL 
circuit is put into a sleep (OFF) state so that no electric current 
is ?oWing in the analog circuits included in the PLL circuit. 
Only When the PLL circuit is in use, the PLL circuit is 
changed into an operation (ON) state from the sleep state. 

To the PLL circuit 1000 shoWn in FIG. 16, a PLL poWer 
doWn signal that puts the PLL circuit 1000 into the sleep state 
is input from the outside thereof, so that the PLL poWer doWn 
signal is input to the phase frequency comparator 1001, the 
charge pump 1002, and the voltage controlled oscillator 1004. 
The phase frequency comparator 1001, the charge pump 
1002, and the voltage controlled oscillator 1004 stop operat 
ing When the PLL poWer doWn signal becomes active. 
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Patent Document 1: International Publication No. WOOO/ 
65717 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

HoWever, When the PLL circuit starts operating out of the 
sleep state or out of a poWer-off state, sometimes a problem 
occurs Where the voltage controlled oscillator does not oscil 
late properly. 

FIG. 17 shoWs, as an example of a voltage controlled 
oscillator, a con?guration of a ring oscillator that includes 
differential-type variable delay circuits 1100(m). In FIG. 17, 
S0p/S0n, S1p/S1n, . . . S(m—l)p/S(m—l)n, and Smp/Smn are 

the outputs of the variable delay circuits 1100(0), 
1100(1), . . . 1100(m-l), and 1100(m), respectively. In this 
situation, In represents an integer that is equal to or larger than 
1. 
While the voltage controlled oscillator 1004 is not oscil 

lating, the gains of the variable delay circuits 1100(m) are 
extremely loW. Thus, the outputs such as S0p/S0n, 
S1p/S1n, . . . S(m—l)p/S(m—l)n, and Smp/Smn are in an 

inconstant state. If the voltage controlled oscillator 1004 is 
put into an operation state starting from this state, the gain of 
each of the variable delay circuits 1100(m) is raised so that the 
voltage controlled oscillator 1004 can be in an oscillation 
state. HoWever, even if the gain of each of the variable delay 
circuits 1100(m) is raised, because the outputs of the variable 
delay circuits 1100(m) have been in the inconstant state, there 
may be a situation in Which the tWo outputs in any of the 
variable delay circuits 1100(m) have no potential difference. 
As a result, a problem arises Where the voltage controlled 
oscillator does not oscillate at all or does not oscillate prop 
erly. 

In vieW of the circumstances described above, it is an 
object of the present invention to provide a PLL circuit that is 
able to operate in a stable manner When the PLL circuit starts 
or resumes its operation, for example, immediately after the 
electric poWer is turned on or after the PLL circuit has recov 
ered from an operation stop state 

Means for Solving the Problems 

The present invention provides a phase-locked loop circuit 
that includes: input clock frequency detecting means for 
detecting Whether a frequency of an input clock has become 
equal to or loWer than a predetermined frequency and for 
outputting a PLL control signal based on a result of the 
frequency detection; a PLL unit that includes phase frequency 
comparing means for detecting a phase difference betWeen a 
phase of the input clock and an output signal from a voltage 
controlled oscillator, error signal generating means for gen 
erating an error signal in accordance With the detected phase 
difference, and the voltage controlled oscillator that outputs, 
based on the error signal, an oscillation signal having a pre 
determined frequency; and oscillator input voltage ?xing 
means for ?xing, in a case Where the frequency of the input 
clock has become equal to or loWer than the predetermined 
frequency, an input voltage of the voltage controlled oscilla 
tor so as to be a predetermined high voltage that is speci?ed in 
advance, based on the PLL control signal. 

With this arrangement, even if the voltage controlled oscil 
lator that operates by folloWing the frequency of the input 
clock is in an operation stop state, the input voltage of the 
voltage controlled oscillator is ?xed so as to be the predeter 
mined high voltage that is speci?ed in advance. Thus, the 
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output of the voltage controlled oscillator is prevented from 
being in an inconstant state. Consequently, it is possible to 
ensure that the voltage controlled oscillator oscillates prop 
erly, When the voltage controlled oscillator resumes or starts 
its operation. 

It is acceptable for the phase-locked loop circuit described 
above to have an arrangement in Which the input clock fre 
quency detecting means includes a logical operation circuit 
that performs a logical operation on an external control signal 
and the result of the frequency detection, the external control 
signal being input from outside in order to control an opera 
tion of the PLL unit; the PLL control signal is an output signal 
from the operation circuit; and in the case Where the fre 
quency of the input clock has become equal to or loWer than 
the predetermined frequency or in a case Where the external 
control signal is a control signal for causing the PLL unit to 
stop, the oscillator input voltage ?xing means ?xes the input 
voltage of the voltage controlled oscillator so as to be the 
predetermined high voltage that is speci?ed in advance. With 
this arrangement, it is possible to prevent the output of the 
voltage controlled oscillator from being in an inconstant state. 
It is therefore possible to ensure that the voltage controlled 
oscillator oscillates properly When, for example, the voltage 
controlled oscillator resumes its operation. Also, it is accept 
able for the phase-locked loop circuit described above to have 
an arrangement in Which the oscillator input voltage ?xing 
means ?xes, based on the PLL control signal, the input volt 
age of the voltage controlled oscillator so as to be the prede 
termined high voltage that is speci?ed in advance, until the 
poWer supply voltage exceeds the reference voltage that is 
higher than the PLL-ON voltage Which is the voltage With 
Which the PLL unit is able to oscillate properly even if starting 
from the loW voltage state. With this arrangement, it is pos 
sible to ensure that the voltage controlled oscillator starts 
oscillating With a high frequency in a stable manner When, for 
example, the voltage controlled oscillator starts or resumes its 
operation. Consequently, it is possible to shorten the time 
required in order for the voltage controlled oscillator to 
become synchronized With the frequency of the input clock. 
Further, it is acceptable for the phase-locked loop circuit 
described above to have an arrangement in Which the oscil 
lator input voltage ?xing means is an NMOS transistor in 
Which a drain is connected to the poWer supply voltage, While 
a source is connected to a point betWeen a Wiring for the error 
signal and a ground potential, and the PLL control signal is 
input to a gate, and the predetermined high voltage is loWer 
than the poWer supply voltage. 

The present invention also provides a phase-locked loop 
circuit that includes: input clock frequency detecting means 
for detecting Whether a frequency of an input clock has 
become equal to or loWer than a predetermined frequency and 
for outputting a PLL control signal based on a result of the 
frequency detection; a PLL unit that includes phase frequency 
comparing means for detecting a phase difference betWeen a 
phase of the input clock and an output signal from a voltage 
controlled oscillator, error signal generating means for gen 
erating an error signal in accordance With the detected phase 
difference, and the voltage controlled oscillator in Which a 
plurality of variable delay circuits that are operable to make a 
delay in accordance With the error signal are connected to one 
another so as to form a ring and Which is operable to output an 
oscillation signal having a predetermined frequency; and 
delay circuit output voltage ?xing means for ?xing, in a case 
Where the frequency of the input clock has become equal to or 
loWer than the predetermined frequency, an output voltage of 
at least one of the variable delay circuits so as to be a prede 
termined voltage that is speci?ed in advance, based on the 
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4 
PLL control signal. With this arrangement, it is possible to 
prevent the output of the voltage controlled oscillator from 
being in an inconstant state. It is therefore possible to ensure 
that the voltage controlled oscillator oscillates properly When 
the voltage controlled oscillator resumes or starts its opera 
tion. 

Also, it is acceptable for the phase-locked loop circuit 
described above to have an arrangement in Which the input 
clock frequency detecting means includes a logical operation 
circuit that performs a logical operation on an external control 
signal and the result of the frequency detection, the external 
control signal being input from outside in order to control an 
operation of the PLL unit; the PLL control signal is an output 
signal from the operation circuit; and in the case Where the 
frequency of the input clock has become equal to or loWer 
than the predetermined frequency or in a case Where the 
external control signal is a control signal for causing the PLL 
unit to stop, the delay circuit output voltage ?xing means ?xes 
the output voltage of the at least one of the variable delay 
circuits so as to be the predetermined voltage that is speci?ed 
in advance. With this arrangement, it is possible to prevent the 
output of the voltage controlled oscillator from being in an 
inconstant state. It is also possible to ensure that the voltage 
controlled oscillator oscillates properly When, for example, 
the voltage controlled oscillator resumes its operation. Fur 
ther, it is acceptable for the phase-locked loop circuit 
described above to have an arrangement in Which the input 
clock frequency detecting means includes poWer supply volt 
age detecting means for detecting Whether a poWer supply 
voltage has exceeded a reference voltage that is higher than a 
PLL-ON voltage Which is a voltage With Which the PLL unit 
is able to oscillate properly even if starting from a loW voltage 
state; the logical operation circuit performs the logical opera 
tion based on the external control signal, the result of the 
frequency detection, and a result of the poWer supply voltage 
detection; and the delay circuit output voltage ?xing means 
?xes, based on the PLL control signal, the output voltage of 
the at least one of the variable delay circuits so as to be the 
predetermined voltage that is speci?ed in advance, until the 
poWer supply voltage exceeds the reference voltage that is 
higher than the PLL-ON voltage Which is the voltage With 
Which the PLL unit is able to oscillate properly even if starting 
from the loW voltage state. With this arrangement, it is pos 
sible to ensure that the voltage controlled oscillator starts 
oscillating With a high frequency in a stable manner When, for 
example, the voltage controlled oscillator starts or resumes its 
operation. Consequently, it is possible to shorten the time 
required in order for the voltage controlled oscillator to 
become synchroniZed With the frequency of the input clock. 
Furthermore, it is acceptable for the phase-locked loop circuit 
described above to have an arrangement in Which the delay 
circuit output voltage ?xing means is a transistor of Which one 
end is connected to an input terminal of the variable delay 
circuit, Whereas another end is connected to at least one of the 
poWer supply voltage, a ground, and the gate, While the PLL 
control signal is input to the gate; and the delay circuit output 
voltage ?xing means ?xes, based on the PLL control voltage, 
the output voltage of the variable delay circuit so as to be one 
of the poWer supply voltage, a ground potential, and a level of 
the PLL control signal. 

EFFECTS OF THE INVENTION 

According to the present invention, it is possible to provide 
a PLL circuit that is able to operate in a stable manner even 
When the PLL circuit starts or resumes its operation, for 



US 7,656,206 B2 
5 

example, immediately after the electric power is turned on or 
When the PLL circuit has recovered from an operation stop 
state. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram that shoWs a con?guration of a 
serial link circuit 1 according to a ?rst embodiment. 

FIG. 2 is a block diagram that shoWs a con?guration of an 
input clock frequency detecting unit 2. 

FIG. 3 is a timing chart that shoWs operation timing of the 
serial link circuit 1. 

FIG. 4 is a block diagram that shoWs a con?guration of a 
PLL 4. 

FIG. 5 is a diagram that shoWs a con?guration of a con 
verting circuit 12. 

FIGS. 6(A) and 6(B) are diagrams each of Which shoWs a 
con?guration of an LPF charge circuit 11. 

FIG. 7 is a diagram that shoWs changes in the electric 
potential of a node VC. 

FIG. 8 is a diagram that shoWs a con?guration of a voltage 
controlled oscillator 8. 

FIG. 9 is a diagram that shoWs con?gurations of output 
?xing units 31. 

FIGS. 10(A), 10(B), 10(C), AND 10(D) shoW diagrams 
each of Which illustrates a con?guration of a ring oscillator 
that includes variable delay circuits 30 con?gured With dif 
ferential ampli?ers and the output ?xing units 31. 

FIG. 11 is a diagram that shoWs a con?guration of a ring 
oscillator that includes variable delay circuits 60 con?gured 
With single-end inverters and output ?xing units 61. 

FIGS. 12(A), 12(B), 12(C), and 12(D) are diagrams each of 
Which shoWs a con?guration of the output ?xing unit 61. 

FIG. 13 is a diagram that shoWs a con?guration according 
to a second embodiment of the present invention. 

FIG. 14 is a timing chart that shoWs a relationship betWeen 
a poWer supply voltage and a poWer-on reset signal. 

FIG. 15 is a diagram that shoWs a con?guration of a PLL 
circuit 1000 disclosed in Patent Document 1. 

FIG. 16 is a diagram that shoWs another con?guration of 
the PLL circuit 1000 that has an operation stopping function. 

FIG. 17 is a diagram that shoWs a ring oscillator that 
includes variable delay circuits 1100. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

In the folloWing sections, preferred embodiments of the 
present invention Will be explained, With reference to the 
accompanying draWings. 

First Embodiment 

First, a con?guration of a serial link circuit 1 according to 
a ?rst embodiment Will be explained, With reference to FIG. 
1. As shoWn in FIG. 1, the circuit according to the ?rst 
embodiment includes an input clock frequency detecting unit 
2 that monitors the operational state of a clock signal, anAND 
gate 3, and a PLL 4. 
As shoWn in FIG. 1, the input clock frequency detecting 

unit 2 receives inputs of the clock signal and an inverted clock 
signal obtained by inverting the output of the clock signal and 
monitors the operational state of the clock signal. When the 
frequency of the clock signal has become equal to or loWer 
than a predetermined frequency that is speci?ed in advance, 
the input clock frequency detecting unit 2 outputs a ?ag signal 
(FDTCn), Which is a detection signal, to the AND gate 3. 
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6 
The AND gate 3 calculates a logical product of an external 

control signal that has been input from the outside in order to 
put the PLL unit 4 into an operation stop state and the ?ag 
signal (FDTCn) received from the input clock frequency 
detecting unit 2 and outputs a PLL poWer doWn signal, Which 
is a PLL control signal for exercising control so that the 
operation of the PLL unit 4 is stopped. 

FIG. 2 shoWs a detailed con?guration of the input clock 
frequency detecting unit 2. The input clock frequency detect 
ing unit 2 includes: a ?rst PMOS transistor 201 in Which the 
source is connected to the poWer supply voltage, the clock 
signal is input to the gate, and the drain is connected to a node 
212; a second PMOS transistor 206 in Which the source is also 
connected to the poWer supply voltage, the inverted clock 
signal is input to the gate, and the drain is connected to a node 
213; a current source 202 that is connected to a position 
betWeen the node 212 and the ground; and a current source 
207 that is connected to a position betWeen the node 213 and 
the ground. To the node 212, one of the ends of a capacitor 203 
and an input terminal of an inverter 204 are connected, the 
other end of the capacitor 203 being connected to the ground, 
and the inverter 204 and another inverter 205 being connected 
in series. An output terminal of the inverter 205 is connected 
to a ?rst branch 214. Similarly, to the node 213, one of the 
ends of a capacitor 208 and an input terminal of an inverter 
209 are connected, the other end of the capacitor 208 being 
connected to the ground, and the inverter 209 and another 
inverter 210 being connected in series. An output terminal of 
the inverter 210 is connected to a second branch 215. The 
other end of the ?rst branch 214 and the other end of the 
second branch 215 are each connected to an input terminal of 
anAND gate 211 . An output of the AND gate 211 serves as an 
output of the input clock frequency detecting unit 2. 

Next, an operation of the input clock frequency detecting 
unit 2 con?gured as described above Will be explained. When 
the clock signal that has been input to the input clock fre 
quency detecting unit 2 is equal to or higher than a predeter 
mined frequency that is speci?ed in advance, an electric 
charge is stored into the capacitors 203 and 208 via the ?rst 
PMOS transistor 201 and the second PMOS transistor 206 
that are connected to the poWer supply voltage. When the 
electric potentials at the other end of the capacitor 203 and at 
the other end of the capacitor 208 become higher so as to 
exceed the threshold voltages of the inverters 204 and 205 and 
the inverters 209 and 210, high level signals are input to the 
AND gate 211 from the ?rst branch 214 and the second 
branch 215, so that the ?ag signal FDTCn changes to a high 
level. 
When the clock signal stops, or When the frequency of the 

clock signal has become equal to or loWer than the predeter 
mined frequency that is speci?ed in advance, the electric 
potential of one or both of the capacitors 203 and 208 
becomes loWer. The reason is that the amount of electric 
current that escapes from the current source 202 to the ground 
is larger than the electric charge amount supplied from the 
?rst PMOS transistor 201 to the capacitor 203, and also that 
the amount of electric current that escapes from the current 
source 207 to the ground is larger than the electric charge 
amount supplied from the second PMOS transistor 206 to the 
capacitor 208. When the electric potentials at the other end of 
the capacitor 203 and at the other end of the capacitor 208 
become loWer so as to be loWer than the threshold voltages of 
the inverters 204 and 205 and the inverters 209 and 210, the 
?ag signal FDTCn that is output from the AND gate 211 
changes from the high level to a loW level. The input clock 
frequency detecting unit 2 informs the PLL unit 4, via the 
AND gate, that the clock signal has stopped or that the clock 
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signal has become equal to or lower than an operation lower 
limit frequency, by changing the ?ag signal FDTCn to the low 
level. In the description of the present embodiment, the 
example is explained in which the ?ag signal FDTCn from the 
AND gate 211 being changed to the low level indicates that 
the clock signal has stopped or the frequency of the clock 
signal has become equal to or lower than the arbitrary fre 
quency. However, another arrangement is acceptable in 
which the ?ag signal FDTCn from the AND gate 211 being 
changed to the high level indicates that the clock signal has 
stopped or the frequency of the clock signal has become equal 
to or lower than the arbitrary frequency. 

It is possible to specify the predetermined frequency 
according to which the ?ag signal FDTCn is changed to the 
low level or to the high level, based on the power supply 
voltage, the length and the width of the transistors, the 
amounts of electric current of the current sources, the capaci 
ties of the capacitors, and the threshold voltages of the invert 
ers. 

FIG. 3 is an operation timing chart of the input clock 
frequency detecting unit 2. When the clock signal stops while 
being at the high level, the ?ag signal FDTCn changes from 
the high level to the low level after a period of time tFDTCn 
(?2-t1) has elapsed as shown in FIG. 3. It is possible to 
specify the period of time, namely tFDTCn, between when 
the output of the clock signal stops and when the ?ag signal 
FDTCn is output, so as to be an arbitrary length of time, by 
changing the capacities of the capacitors 203 and 208 and the 
amount of electric current that ?ows into the ground. The 
length of the period of time tFDTCn is speci?ed in accor 
dance with the cycle of the clock signal to be detected. For 
example, when the frequency of the clock signal is 5 MHZ, 
tFDTCn is speci?ed so as to be approximately 200 ns. 

The AND gate 3 calculates the logical product of the ?ag 
signal FDTCn and the external control signal. Thus, as a 
result of the clock signal becoming equal to or lower than the 
operation lower limit frequency or as a result of the external 
control signal having been input, it is possible to put the PLL 
unit 4 into the operation stop state. In the description of the 
?rst embodiment, the example is explained in which the AND 
gate calculates the logical product of the ?ag signal FDTCn 
and the external control signal. However, another arrange 
ment is acceptable in which the ?ag signal FDTCn is directly 
input to the PLL unit 4, without the PLL power down signal 
being dependent on the external control signal. Even in the 
case where the ?ag signal FDTCn is directly input to the PLL 
unit 4, it is possible to put the PLL unit 4 into the operation 
stop state when the clock signal has become equal to or lower 
than the operation lower limit frequency. 

Next, a con?guration of the PLL unit 4 will be explained. 
As shown in FIG. 4, the PLL unit 4 includes a phase frequency 
comparator 5, a charge pump 6, a low pass ?lter (hereinafter, 
it may be simply referred to as an “LPF”) 7, a converting 
circuit 12, a voltage controlled oscillator 8, an inverter 9 that 
inverts the output of the PLL power down signal, a UN 
frequency divider 10, and an LPF charge circuit 11 that serves 
as an oscillator input voltage ?xing unit. 

The phase frequency comparator 5 detects a phase differ 
ence between the clock signal that has been input thereto and 
a feedback signal from the l/N frequency divider 10 and 
outputs an error signal (UP or DOWN) that is in accordance 
with the phase difference and is to be used for raising or 
lowering the oscillation frequency of the voltage controlled 
oscillator 8. In a case where the phase of the feedback signal 
is behind the clock signal, the phase frequency comparator 5 
outputs the error signal (UP) that raises the oscillation fre 
quency of the voltage controlled oscillator 8 for a period of 
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8 
time that corresponds to the phase difference. On the contrary, 
in a case where the feedback signal is ahead of the clock 
signal, the phase frequency comparator 5 outputs the error 
signal (DOWN) that lowers the oscillation frequency of the 
voltage controlled oscillator 8 for a period of time that corre 
sponds to the phase difference. As explained here, the phase 
frequency comparator 5 outputs the signal obtained by per 
forming a pulse width modulation on the phase difference 
between the two signals that have been input thereto. 
The charge pump 6 converts the error signal (UP or 

DOWN) from the phase frequency comparator 5 into an ana 
log signal. The output signal that has been converted into the 
analog signal is input to the converting circuit 12 through the 
low pass ?lter 7, as a control voltage (V C), and is then con 
verted by the converting circuit 12 into a control signal for 
controlling the voltage controlled oscillator 8. The low pass 
?lter 7 includes a resistance 701 and a capacitance 702. The 
low pass ?lter 7 reduces high frequency noise or the like 
contained in the output signal from the charge pump 6 and 
also stabiliZes the feedback loop. The converting circuit 12 is 
a circuit that converts the control voltage (V C) from the 
charge pump 6 into a bias p signal and a bias n signal, which 
are control signals used in variable delay circuits explained 
later. As shown in FIG. 5, the bias p signal is output as an 
output signal from an ampli?er 13 included in the converting 
circuit 12. As the bias n signal, the control voltage (VC) from 
the charge pump 6 is used as it is. By using the control voltage 
(V C) output from the charge pump 6, it is possible to control 
the oscillation frequency of the voltage controlled oscillator 
8. By making the control voltage (VC) higher, it is possible to 
make the oscillation frequency of the voltage controlled oscil 
lator 8 higher. Also, in a case where variable delay circuits 30 
that are included in the voltage controlled oscillator 8 are 
con?gured with differential ampli?ers as shown in FIG. 8 
explained later, by making the value of the control voltage 
(V C) higher, it is possible to make the gains of the differential 
ampli?ers larger and to make the oscillation frequency of the 
voltage controlled oscillator 8 higher. 
The output signal from the voltage controlled oscillator 8 is 

output as an output signal (V COout) from the serial link 
circuit 1 and is also input to the phase frequency comparator 
5 as the feedback signal after the frequency is divided by the 
UN frequency divider 10. In this situation, the l/N frequency 
divider 10 converts the signal VCOout into the feedback 
signal having a frequency that is l/N of the frequency of the 
signal VCOout. 
As shown in FIG. 4, the PLL power down signal is input to 

the phase frequency comparator 5 and to the charge pump 6. 
When the PLL power down signal becomes active, the phase 
frequency comparator 5 and the charge pump 6 stop operat 
ing. Also, a set n signal that is the output of the PLL power 
down signal being used as it is and a set p signal that is 
obtained by inverting the output of the PLL power down 
signal with the use of the inverter 9 are input to the voltage 
controlled oscillator 8. When the set n signal becomes active, 
the voltage controlled oscillator 8 stops operating. 

FIG. 6 shows a detailed con?guration of the LPF charge 
circuit 11 that serves as the oscillator input voltage ?xing unit 
and is operable to specify the oscillation frequency of the 
voltage controlled oscillator 8 when the voltage controlled 
oscillator 8 has stopped operating. As shown in FIG. 6(A), the 
LPF charge circuit 11 includes an NMOS transistor 14 in 
which the drain is connected to a power supply voltage, while 
the source is connected to a node 16, and the PLL power down 
signal is input to the gate. When the serial link circuit 1 is in 
an operation stop state, in other words, when the PLL power 
down signal becomes active (i.e., the low level), the LPF 
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charge circuit 11 charges, via the NMOS transistor 14, the 
electric potential VC at the node 16 that is connected to the 
charge pump 6 up to an electric potential obtained by sub 
tracting the threshold voltage of the NMOS transistor 14 from 
the poWer supply potential (hereinafter, the electric potential 
obtained by the subtraction Will be simply expressed as 
“VCCithe NMOS transistor 14 threshold voltage”). The 
connection destination of the NMOS transistor 14 may be an 
output of the charge pump 6 as shoWn in FIG. 6(A) or may be 
a position betWeen the resistance 701 and the capacitance 702 
as shoWn in FIG. 6(B). As explained earlier, by using the 
voltage at the node 16, in other Words, by using the control 
voltage (VC), it is possible to control the oscillation fre 
quency of the voltage controlled oscillator 8. Accordingly, 
When the serial link circuit 1 has changed into an operation 
stop state, by setting the control voltage (V C) to a predeter 
mined high voltage With the use of the LPF charge circuit 11, 
it is possible to ensure that the voltage controlled oscillator 8 
starts oscillating With a high frequency in a stable manner 
because the variable delay circuits 30 that are included in the 
voltage controlled oscillator 8 start operating With a high gain 
When the operation stop state is cancelled. 

FIG. 7 shoWs changes in the electric potential at the node 
16 after the operation stop state is cancelled, the node 16 
having been charged up to the level of “VCC-the NMOS 
transistor 14 threshold voltage” during the operation stop 
state. As shoWn in FIG. 7, the control voltage (VC), Which has 
been charged up to the level of “VCC-the NMOS transistor 
14 threshold voltage” during the operation stop state, changes 
as time elapses after the operation stop state is cancelled and 
settles doWn to a target voltage shoWn in FIG. 7. The target 
voltage is the electric potential at the node 16 When the clock 
signal is locked by the serial link 1. In FIG. 7, VCC indicates 
the poWer supply voltage on the high level side, While VSS 
indicates the poWer supply voltage on the loW level side. In 
the present embodiment, the node 1 6 is charged by the NMOS 
transistor 14 so that the electric potential of the node VC is 
raised only up to the level of “VCC-the NMOS transistor 14 
threshold voltage” shoWn in FIG. 7. This is because, if the 
node 16 Was charged up to the poWer supply voltage by using 
the PMOS transistor, the oscillation frequency of the voltage 
controlled oscillator 8 Would become too high and might 
exceed an operation frequency range of the phase frequency 
comparator 5, and there might be a possibility that the circuit 
Would not operate as a PLL. 

Next, a con?guration of the voltage controlled oscillator 8 
Will be explained, With reference to FIG. 8. The voltage 
controlled oscillator 8 according to the present embodiment is 
con?gured With a ring oscillator in Which, as shoWn in FIG. 8, 
m+l stages of variable delay circuits, namely 30(0), 
30(1), . . . , 30(k), . . . , 30(m-l) and 30(m), are connected to 

one another so as to form a ring. On the output side of each of 
the variable delay circuits 30, a corresponding one of the 
output ?xing units 31(0), 31(1), . . .31(k), . . .31(m—l) and 
31(m) that is operable to ?x the output of the variable delay 
circuit is provided (Where k is an arbitrary value from 0 to m, 
while In is an arbitrary integer that is equal to or larger than 1). 
To each of the output ?xing units 31, set signals that are made 
of up a set n signal and a set p signal are input. 
An example of a con?guration of the ring oscillator is 

shoWn in FIG. 9. FIG. 9 shoWs con?gurations of the variable 
delay circuit 30(k) and 30(k+l) that are included in the ring 
oscillator. Differential buffers each of Which has tWo inputs 
and tWo output terminals are used as the variable delay cir 
cuits 30(k) and 30(k+l). To each of all the variable delay 
circuits 30 that are included in the ring oscillator, the control 
signals that are made up of the bias p signal and the bias n 
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10 
signal and that have been generated by the converting circuit 
12 are input. The bias p signal and the bias n signal are 
generated from the control voltage VC output by the charge 
pump 6, as explained above. Thus, by controlling the control 
voltage VC (in other Words, by controlling the node 16 shoWn 
in FIG. 6), it is possible to control the gains of the variable 
delay circuits 30. To be more speci?c, by setting the control 
voltage (VC) to a predetermined high voltage, it is possible to 
ensure that the voltage controlled oscillator 8 starts oscillat 
ing With a high frequency in a stable manner, because the 
variable delay circuits 30 included in the voltage controlled 
oscillator 8 start operating With a high gain. The output ?xing 
unit 31(k) is provided at the output terminal of the variable 
delay circuit 30(k), While the output ?xing unit 31(k+l) is 
provided at the output terminal of the variable delay circuit 
3 0(k+ l ). 
The output ?xing unit 31(k) provided at the variable delay 

circuit 30(k) ?xes a ?rst output terminal 32 of the variable 
delay circuit 30(k) so as to be at a high level and ?xes a second 
output terminal 33 so as to be at a loW level, in accordance 
With the set n signal and the set p signal. The output ?xing unit 
31(k+l) provided at the variable delay circuit 30(k+l) ?xes a 
?rst output terminal 32 of the variable delay circuit 3 0(k+ 1) so 
as to be at a loW level and ?xes a second output terminal 33 so 
as to be at a high level. 

Connected to the ?rst output terminal 32 of the variable 
delay circuit 30(k) are: the drain of a PMOS transistor 35 in 
Which the source is connected to the poWer supply voltage, 
and the set n signal is input to the gate; and the drain of an 
NMOS transistor 36 in Which the source is connected to the 
ground, and the source and the gate are connected to each 
other. Connected to the second output terminal 33 of the 
variable delay circuit 30(k) are: the drain of a PMOS transis 
tor 37 in Which the source is connected to the poWer supply 
voltage, and the gate and the source are connected to each 
other; and the drain of an NMOS transistor 38 in Which the 
source is connected to the ground, and the set p signal is input 
to the gate. 

Connected to the ?rst output terminal 32 of the variable 
delay circuit 30(k+l) are: the drain of a PMOS transistor 39 in 
Which the source is connected to the poWer supply voltage, 
and the gate and the source are connected to each other; and 
the drain of an NMOS transistor 40 in Which the source is 
connected to the ground, and the set p signal is input to the 
gate. Connected to the second output terminal 33 that is ?xed 
so as to be at the high level are: the drain of a PMOS transistor 
41 in Which the source is connected to the poWer supply 
voltage, and the set n signal is input to the gate; and the drain 
of an NMOS transistor 42 in Which the source is connected to 
the ground, and the gate and the source are connected to each 
other. 

Next, the timing With Which the output terminals of the 
variable delay circuits 30 are ?xed Will be explained With 
reference to the timing chart shoWn in FIG. 3. As shoWn in 
FIG. 3, in a case Where the clock signal is stopped While being 
at a high level, the ?ag signal FDTCn changes from the high 
level to the loW level after the period of time tFDTCn (?2 —t1) 
shoWn in FIG. 3 has elapsed. Accordingly, the PLL poWer 
doWn signal output from the AND gate 3 becomes loW active. 
As shoWn in FIG. 4, the set n signal that is input to the output 
?xing units 31 of the variable delay circuits 30 changes to a 
loW active level, Whereas the set p signal that is input via the 
inverter 9 changes to a high active level. In the PMOS tran 
sistor 35 that is provided at the ?rst output terminal 32 of the 
variable delay circuit 30(k) and in the PMOS transistor 41 that 
is provided at the second output terminal 33 of the variable 
delay circuit 30(k+l) that are shoWn in FIG. 9, the output 
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terminals are ?xed so as to be at the high level because the set 
n signal changes to the loW level. In the NMOS transistor 38 
that is provided at the second output terminal 33 of the vari 
able delay circuit 30(k) and in the NMOS transistor 40 that is 
provided at the ?rst output terminal 32 of the variable delay 
circuit 30(k+ l ), the output terminals are ?xed so as to be at the 
loW level because the set p signal changes to the high level. 
As explained above, according to the present embodiment, 

even if the voltage controlled oscillator 8 that operates by 
folloWing the frequency of the input clock signal has changed 
into the operation stop state, the outputs of the variable delay 
circuits 30 are ?xed by the output ?xing units 31 and are 
therefore prevented from being in an inconstant state. As a 
result, the PLL is able to operate in a stable manner When the 
PLL starts or resumes its operation, for example, immediately 
after the electric poWer is turned on or after the PLL has 
recovered from an operation stop state. 

With regard to the output ?xing unit 31(k) shoWn in FIG. 9, 
the PMOS transistors and the NMOS transistors are provided 
at the ?rst output terminal 32 and the second output terminal 
33 in such a manner that the ?rst output terminal 32 and the 
second output terminal 33 have an equal load. HoWever, it is 
acceptable to have other arrangements in Which the output 
?xing unit 31(k) has simpler con?gurations as shoWn in 
FIGS. 10(A) and 10(B), and FIGS. 10(C) and 10(D). 

FIG. 10(A) shoWs an example of the other con?gurations 
of the output ?xing unit 31(k) in Which the ?rst output termi 
nal 32 is ?xed so as to be at the high level, Whereas the second 
output terminal 33 is ?xed so as to be at the loW level. Con 
nected to the ?rst output terminal 32 is the source of an 
NMOS transistor 43 in Which the set p signal is input to the 
gate, and the gate and the drain are connected to each other. 
Connected to the second output terminal 33 is the drain of an 
NMOS transistor 44 in Which the source is connected to the 
ground, and the set p signal is input to the gate. With this 
arrangement also, When the set p signal is at the high level, the 
?rst output terminal 32 is ?xed so as to be at the high level, 
Whereas the second output terminal 33 is ?xed so as to be at 
the loW level. 

FIG. 10(B) shoWs another con?guration that is similar to 
the one shoWn in FIG. 10(A) and in Which the ?rst output 
terminal 32 is ?xed so as to be at the loW level, Whereas the 
second output terminal 33 is ?xed so as to be at the high level. 
Connected to the ?rst output terminal 32 that is ?xed so as to 
be at the loW level is the source of an NMOS transistor 45 in 
Which the source is connected to the ground, and the set p 
signal is input to the gate. Connected to the second output 
terminal 33 that is ?xed so as to be at the high level is the 
source of an NMOS transistor 46 in Which the set p signal is 
input to the gate, and the gate and the drain are connected to 
each other. 

FIG. 10(C) shoWs another example of the other con?gura 
tions of the output ?xing unit 31(k) in Which the ?rst output 
terminal 32 is ?xed so as to be at the high level, Whereas the 
second output terminal 33 is ?xed so as to be at the loW level. 
Connected to the ?rst output terminal 32 is the drain of a 
PMOS transistor 47 in Which the source is connected to the 
poWer supply voltage, and the set n signal is input to the gate. 
Connected to the second output terminal 33 is the drain of an 
NMOS transistor 48 in Which the source is connected to the 
ground, and the set p signal is input to the gate. 

FIG. 10(D) shoWs another con?guration Which is similar to 
the one shoWn in FIG. 10(C) and in Which the ?rst output 
terminal 32 is ?xed so as to be at the loW level, Whereas the 
second output terminal 33 is ?xed so as to be at the high level. 
Connected to the ?rst output terminal 32 that is ?xed so as to 
be at the loW level is the drain of an NMOS transistor 49 in 
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Which the source is connected to the ground, and the set p 
signal is input to the gate. Connected to the second output 
terminal 33 that is ?xed so as to be at the high level is the drain 
of a PMOS transistor 50 in Which the source is connected to 
the poWer supply voltage, and the set n signal is input to the 
gate. 

It is also acceptable to use single-end variable delay cir 
cuits (i.e., inverters) in the voltage controlled oscillator 8. In 
this situation, the number of stages of the variable delay 
circuits Will be an odd number. Like in the differential-type 
ring oscillator, by arranging the control signal of the set n 
signal so as to be at the loW level, and arranging the control 
signal of the set p signal so as to be at the high level, it is 
possible to ?x the outputs of the variable delay circuits so as 
to be at the loW level or at the high level. 

FIG. 11 shoWs a con?guration in Which single-end variable 
delay circuits (i.e., inverters) 60 are used in the voltage con 
trolled oscillator 8. As shoWn in FIG. 11, at the output termi 
nals of the variable delay circuits 60(k) and 60(k+2), output 
?xing units 61(k) and 61(k+2) each of Which is operable to ?x 
the output of the corresponding one of the variable delay 
circuits so as to be at the high level are provided, respectively. 
With the output terminal of the variable delay circuit 60(k+ l ), 
an output ?xing unit 61(k+ 1) that is operable to ?x the output 
of the variable delay circuit so as to be at the loW level is 
provided. 

The output ?xing unit 61 (k) that is operable to ?x the output 
of the variable delay circuit 60(k) so as to be at the high level 
includes a PMOS transistor 62 and an NMOS transistor 63. In 
the PMOS transistor 62, the source is connected to the poWer 
supply voltage, While the drain is connected to the output 
terminal, and the set n signal is input to the gate. In the NMOS 
transistor 63, the drain is connected to the output terminal, 
While the source is connected to the ground, and the gate and 
the source are connected to each other. The con?guration of 
the output ?xing unit 61(k+2) that is operable to ?x the output 
of the variable delay circuit 60(k+2) so as to be at the high 
level is the same as the con?guration of the output ?xing unit 
61(k). Thus, the explanation thereof Will be omitted. 
The output ?xing unit 61(k+l) that is operable to ?x the 

output of the variable delay circuit 60(k+l) so as to be at the 
loW level includes a PMOS transistor 64 and an NMOS tran 
sistor 65. In the PMOS transistor 64, the source is connected 
to the poWer supply voltage, While the drain is connected to 
the output terminal, and the gate and the source are connected 
to each other. In the NMOS transistor 65, the drain is con 
nected to the output terminal, While the source is connected to 
the ground, and the set p signal is input to the gate. 
By arranging the set n signal so as to be at the loW level, it 

is possible to turn on the PMOS transistor 62, and to ?x the 
output terminal so as to be at the high level. By arranging the 
set p signal so as to be at the high level, it is possible to turn on 
the NMOS transistor 65, and to ?x the output terminal so as to 
be at the loW level. 

FIG. 12 shoWs examples of other con?gurations of the 
output ?xing unit 61(k) that is operable to ?x the output 
terminal of the single-end variable delay circuit 60(k) so as to 
be at the high level or at the loW level. The output ?xing unit 
61(k) shoWn in FIG. 12(A) is operable to ?x the output ter 
minal of the variable delay circuit 60(k) so as to be at the high 
level. The output ?xing unit 61(k) is provided With an NMOS 
transistor 66 in Which the source is connected to the output 
terminal, While the set p signal is input to the gate, and the 
drain and the gate are connected to each other. FIG. 12(B) 
shoWs another con?guration that can form a pair With the 
con?guration of the output ?xing unit 61(k) shoWn in FIG. 
12(A) and in Which the output ?xing unit 61(k) is operable to 
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?x the output terminal of the variable delay circuit 60(k) so as 
to be at the loW level. The output ?xing unit 61(k) is provided 
With an NMOS transistor 67 in Which the source is connected 
to the ground, While the drain is connected to the output 
terminal, and the set p signal is input to the gate. 

The output ?xing unit 61(k) shoWn in FIG. 12(C) is also 
operable to ?x the output terminal of the variable delay circuit 
60(k) so as to be at the high level. The output ?xing unit 61(k) 
is provided With a PMOS transistor 68 in Which the source is 
connected to the poWer supply voltage, While the set n signal 
is input to the gate, and the drain is connected to the output 
terminal. FIG. 12(D) shoWs another con?guration that can 
form a pair With the con?guration of the output ?xing unit 
61(k) shoWn in FIG. 12(C) and in Which the output ?xing unit 
61(k) is operable to ?x the output terminal of the variable 
delay circuit 60(k) so as to be at the loW level. The output 
?xing unit 61(k) is provided With an NMOS transistor 69 in 
Which the source is connected to the ground, While the drain 
is connected to the output terminal, and the set p signal is 
input to the gate. 

In the description of the ?rst embodiment above, all of the 
variable delay circuits 30 and 60 are provided With the output 
?xing unit 31 or the output ?xing unit 61. HoWever, it is not 
necessary to provide the output ?xing unit 31 or the output 
?xing unit 61 at all of the variable delay circuits 30 and 60. It 
is acceptable if at least one of the variable delay circuits 30 
and at least one of the variable delay circuits 60 are provided 
With the output ?xing unit 31 or the output ?xing unit 61. By 
having an arrangement in Which the output of at least one of 
the variable delay circuits is ?xed so that the output is not in 
an inconstant state, it is possible to ensure that the PLL 
operates in a stable manner because the output voltage of the 
variable delay circuit of Which the output is ?xed can serve as 
a trigger When the PLL starts or resumes its operation, for 
example, immediately after the electric poWer is turned on or 
When the PLL has recovered from an operation stop state. 

In the description of the ?rst embodiment, as explained 
With reference to FIG. 6, both of the folloWing tWo con?gu 
rations are used: the con?guration in Which the input voltage 
of the converting circuit 12 is ?xed so as to be the predeter 
mined high voltage With the use of the PLL poWer doWn 
signal so that the voltage controlled oscillator starts oscillat 
ing With a high frequency in a stable manner, for example, 
immediately after the electric poWer is turned on; and the 
con?guration in Which the output ?xing units are provided at 
the variable delay circuits so that the output voltages of the 
variable delay circuits are ?xed With the use of the set signals 
that are based on the PLL poWer doWn signal, and as a result, 
the voltage controlled oscillator oscillates in a stable manner, 
for example, immediately after the electric poWer is turned 
on. HoWever, even if only one of the tWo con?gurations is 
used, it is possible to ensure that the voltage controlled oscil 
lator starts oscillating in a stable manner, for example, imme 
diately after the electric poWer is turned on. 

Second Embodiment 

Next, a second embodiment of the present invention Will be 
explained. According to the present embodiment, as shoWn in 
FIG. 13, a poWer-on reset circuit 15 that serves as poWer 
supply voltage detecting means is further provided. The 
poWer-on reset circuit 15 obtains a voltage that is based on the 
poWer supply voltage, and When the poWer supply voltage 
rises to an electric potential that is speci?ed in advance, the 
poWer-on reset circuit 15 outputs an output signal PORn 
indicating the high level. The poWer-on reset circuit 15 may 
have any con?guration as long as the poWer-on reset circuit 
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15 outputs the output signal PORn indicating the high level, 
When the poWer supply voltage rises to the electric potential 
that is speci?ed in advance. For example, it is acceptable to 
con?gure the poWer-on reset circuit 15 With a latch circuit and 
a transistor. In the second embodiment, it is assumed that the 
output signal PORn is at the loW level When the electric poWer 
is turned on. 

FIG. 14 shoWs a relationship betWeen the poWer supply 
voltage and the output signal PORn that is output from the 
poWer-on reset circuit 15. The PLL-ON voltage shoWn in 
FIG. 14 indicates a voltage at Which the serial link circuit 1 
starts operating. The reference voltage shoWn in FIG. 14 is a 
voltage at Which the poWer-on reset circuit 15 changes the 
output signal PORn so as to be at the high level and cancels a 
reset state of the serial link circuit 1. The time t1 indicates a 
time at Which the voltage reaches the PLL-ON voltage, 
Whereas the time t2 indicates a time at Which the voltage 
reaches the reference voltage. 
As shoWn in FIG. 14, even if the voltage comes to a level 

(i.e., the PLL-ON voltage) With Which the PLL unit 4 is able 
to operate, the poWer-on reset circuit 15 ?xes the PORn signal 
so as to be at the loW level and puts the operation of the PLL 
unit 4 into a reset state (i.e., the operation stop state). Further, 
When the poWer supply voltage rises up to the reference 
voltage, the poWer-on reset circuit 15 changes the PORn 
signal so as to be at the high level and cancels the reset state. 
Accordingly, the PLL unit 4 is in a poWer doWn state betWeen 
the time t1 and the time t2 shoWn in FIG. 14. 
The poWer-on reset circuit 15 con?gured as described 

above is provided so that a logical product of the output signal 
PORn from the poWer-on reset circuit 15, the ?ag signal 
(FDTCn) from the input clock frequency detecting unit 2, and 
the external control signal is calculated and is output as a PLL 
poWer doWn signal. By controlling the PLL unit With the PLL 
poWer doWn signal, even in an inconstant state immediately 
after the electric poWer is turned on, it is possible to put the 
PLL unit 4 into the reset state so that the PLL unit 4 is in the 
operation stop state. 
The exemplary embodiments described above are pre 

ferred embodiments of the present invention. HoWever, the 
present invention is not limited to these examples. It is pos 
sible to embody the present invention With various modi?ca 
tions Without departing from the scope of the present inven 
tion. 
The invention claimed is: 
1. A phase-locked loop circuit comprising: 
input clock frequency detecting means for detecting 

Whether a frequency of an input clock has become equal 
to or loWer than a predetermined frequency and for out 
putting a PLL control signal based on a result of the 
frequency detection; 

a PLL unit that includes phase frequency comparing means 
for detecting a phase difference betWeen a phase of the 
input clock and an output signal from a voltage con 
trolled oscillator, error signal generating means for gen 
erating an error signal in accordance With the detected 
phase difference, and the voltage controlled oscillator 
that outputs, based on the error signal, an oscillation 
signal having a predetermined frequency; and 

oscillator input voltage ?xing means for ?xing, in a case 
Where the frequency of the input clock has become equal 
to or loWer than the predetermined frequency, an input 
voltage of the voltage controlled oscillator so as to be a 
predetermined high voltage that is speci?ed in advance, 
based on the PLL control signal, Wherein: 

the input clock frequency detecting means includes a logi 
cal operation circuit that performs a logical operation on 
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an external control signal and the result of the frequency 
detection, the external control signal being input from 
outside in order to control an operation of the PLL unit; 

the PLL control signal is an output signal from the logical 
operation circuit; 

in the case Where the frequency of the input clock has 
become equal to or loWer than the predetermined fre 
quency or in a case Where the external control signal is a 
control signal for causing the PLL unit to stop, the oscil 
lator input voltage ?xing means ?xes the input voltage of 
the voltage controlled oscillator so as to be the predeter 
mined high voltage that is speci?ed in advance; 

the input clock frequency detecting means includes poWer 
supply voltage detecting means for detecting Whether a 
poWer supply voltage has exceeded a reference voltage 
that is higher than a PLL-ON voltage Which is a voltage 
With Which the PLL unit is able to oscillate properly even 
if starting from a loW voltage state; 

the logical operation circuit performs the logical operation 
based on the external control signal, the result of the 
frequency detection, and a result of the poWer supply 
voltage detection; and 

the oscillator input voltage ?xing means ?xes, based on the 
PLL control signal, the input voltage of the voltage 
controlled oscillator so as to be the predetermined high 
voltage that is speci?ed in advance, until the poWer 
supply voltage exceeds the reference voltage that is 
higher than the PLL-ON voltage Which is the voltage 
With Which the PLL unit is able to oscillate properly even 
if starting from the loW voltage state. 

2. A phase-locked loop circuit comprising: 
input clock frequency detecting means for detecting 

Whether a frequency of an input clock has become equal 
to or loWer than a predetermined frequency and for out 
putting a PLL control signal based on a result of the 
frequency detection; 

a PLL unit that includes phase frequency comparing means 
for detecting a phase difference betWeen a phase of the 
input clock and an output signal from a voltage con 
trolled oscillator, error signal generating means for gen 
erating an error signal in accordance With the detected 
phase difference, and the voltage controlled oscillator 
that outputs, based on the error signal, an oscillation 
signal having a predetermined frequency; and 

oscillator input voltage ?xing means for ?xing, in a case 
Where the frequency of the input clock has become equal 
to or loWer than the predetermined frequency, an input 
voltage of the voltage controlled oscillator so as to be a 
predetermined high voltage that is speci?ed in advance, 
based on the PLL control signal, Wherein: 

the input clock frequency detecting means includes a logi 
cal operation circuit that performs a logical operation on 
an external control signal and the result of the frequency 
detection, the external control signal being input from 
outside in order to control an operation of the PLL unit; 

the PLL control signal is an output signal from the logical 
operation circuit; 

in the case Where the frequency of the input clock has 
become equal to or loWer than the predetermined fre 
quency or in a case Where the external control signal is a 
control signal for causing the PLL unit to stop the oscil 
lator input voltage ?xing means ?xes the input voltage of 
the voltage controlled oscillator so as to be the predeter 
mined high voltage that is speci?ed in advance; 

the oscillator input voltage ?xing means is an NMOS tran 
sistor in Which a drain is connected to the poWer supply 
voltage, While a source is connected to a point betWeen 
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a resistor and a capacitor that form a loW pass ?lter 
connected betWeen a Wiring for the error signal and a 
ground potential, and the PLL control signal is input to a 
gate; and 

the predetermined high voltage is loWer than the poWer 
supply voltage. 

3. A phase-locked loop circuit comprising: 
input clock frequency detecting means for detecting 

Whether a frequency of an input clock has become equal 
to or loWer than a predetermined frequency and for out 
putting a PLL control signal based on a result of the 

frequency detection; 
a PLL unit that includes phase frequency comparing means 

for detecting a phase difference betWeen a phase of the 
input clock and an output signal from a voltage con 
trolled oscillator, error signal generating means for gen 
erating an error signal in accordance With the detected 
phase difference, and the voltage controlled oscillator in 
Which a plurality of variable delay circuits that are oper 
able to make a delay in accordance With the error signal 
are connected to one another so as to form a ring and 
Which is operable to output an oscillation signal having 
a predetermined frequency; and 

delay circuit output voltage ?xing means for ?xing, in a 
case Where the frequency of the input clock has become 
equal to or loWer than the predetermined frequency, an 
output voltage of at least one of the variable delay cir 
cuits so as to be a predetermined voltage that is speci?ed 
in advance, based on the PLL control signal, Wherein: 

the input clock frequency detecting means includes a logi 
cal operation circuit that performs a logical operation on 
an external control signal and the result of the frequency 
detection, the external control signal being input from 
outside in order to control an operation of the PLL unit; 

the PLL control signal is an output signal from the logical 
operation circuit; and 

in the case Where the frequency of the input clock has 
become equal to or loWer than the predetermined fre 
quency or in a case Where the external control signal is a 
control signal for causing the PLL unit to stop, the delay 
circuit output voltage ?xing means ?xes the output volt 
age of the at least one of the variable delay circuits so as 
to be the predetermined voltage that is speci?ed in 
advance. 

4. The phase-locked loop circuit according to claim 3, 
Wherein: 

the input clock frequency detecting means includes poWer 
supply voltage detecting means for detecting Whether a 
poWer supply voltage has exceeded a reference voltage 
that is higher than a PLL-ON voltage Which is a voltage 
With Which the PLL unit is able to oscillate properly even 
if starting from a loW voltage state; 

the logical operation circuit performs the logical operation 
based on the external control signal, the result of the 
frequency detection, and a result of the poWer supply 
voltage detection; and 

the delay circuit output voltage ?xing means ?xes, based 
on the PLL control signal, the output voltage of the at 
least one of the variable delay circuits so as to be the 
predetermined voltage that is speci?ed in advance, until 
the poWer supply voltage exceeds the reference voltage 
that is higher than the PLL-ON voltage Which is the 
voltage With Which the PLL unit is able to oscillate 
properly even if starting from the loW voltage state. 
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5. The phase-locked loop circuit according to claim 3, the delay circuit output Voltage ?xing means ?xes, based 
Wherein: on the PLL control signal, the output Voltage of the at 

the delay circuit output Voltage ?xing means is a transistor least one of the Variable delay circuits so as to be one of 
of Which one end is connected to an input terminal of the the poWer supply Voltage, a ground potential, and a level 
at least one of the circuits Variable delay; Whereas 5 of the PLL control signal output by the input clock 
another end is connected to at least one of the poWer frequency detecting means. 
supply Voltage, a ground, and a gate, While the PLL 
control signal is input to the gate; and * * * * * 


